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(S) Process for manufacturing von Willebrand factor having a very high purity. 

(57) The invention relates to a process for manufacturing von Wfllebrand factor. 

This process comprises the selective adsorption of factor Vlllc on the gel of a first ion exchange 
chromatography column, the von Wfllebrand factor being contained in the non-retained fraction, and is 
characterised in that the non-retained fraction is treated so as to adsorb the von Willebrand factor 
selectively on the gel of a second chromatography column, the factor then being desorbed and being 
obtained with a very high purity. 

The invention enables a von WQIebrand factor of very high purity, largely devoid of antihaernophfllc 
factor Vlllc and of inactivators such as Tween and TNBP, as well as of the main plasm contaminants, to 
be obtained. 
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The inv ntion relates essentially to a process for manufacturing von Willebrand factor having a very high 
purity, and to th von Willebrand factor ther by btain dasw II as to a pharmaceutical compositi n containing 
it 

Various processes for manufacturing v n Willebrand factor are already known in th prior art These pro- 
5 cesses are, in general, mainly directed towards obtaining factor VI He of high purity, the von Willebrand factor 
being obtained as a byproduct For example, the document EP-A-0,359,593 (CRTS Lille) describes a process 
for separating proteins from a fraction of human or animal plasma, according to which a factor VI lie concentrate 
of high purity which is usable for the treatment of haemophilia A is obtained, as well as concentrates of fibrino- 
gen, of von Willebrand factor and of fibronectin. According to this previous process, the factor Vlllc obtained 
10 is only partially freed from von Willebrand factor, and this constitutes a drawback of this process. 

In the document FR 89/02,136 of the Applicant, a process has been described for manufacturing anti- 
haemophflic factor (FVIIIc) having a very high purity, making it possible to obtain, as secondary constituents, 
von Willebrand factor, the method of purification of which was not described. 

The main object of the present invention is to obtain von Willebrand factor of very high purity starting from 
15 this process previously described by the Applicant in the document FR 89/02,1 36. 

The object of the present invention is to provide a von Willebrand factor of very high purity, by a simple 
manufacturing process enabling good reproducibility to be obtained as well as very large quantities to be pro- 
cessed on an industrial scale, while being relatively inexpensive. 

The present invention enables this new technical problem to be solved for the first time in a manner which 
20 is simple, reproducible and satisfactory, and hence usable on an industrial scale, enabling large quantities to 
be processed without limitation of volume, in contrast to the previous techniques which are limited to the laborat- 
ory. 

In addition, the invention produces a viral inactivatton. 

Thus, according to a first aspect the present invention provides a process for manufacturing von Willebrand 

25 factor having a very high purity, largely devoid of antihaemophilic factor (FVIIIc), comprising a step of purifi- 
cation by ion exchange chromatography using a first chromatography column containing a gel, comprising a 
step of adsorption of only the antihaemophilic factor on the gel of the said first column, which factor will be desor- 
bed later for the purpose of obtaining it in purified form, while the von Willebrand factor largely devoid of factor 
Vlllc is contained in the non-retained fraction and is then treated in order to obtain it in a purified form, charac- 

30 tensed in that the non-retained fraction containing the von Willebrand factor is treated so as to decrease the 
ionic strength of the non-retained solution until an ionic strength corresponding to that which is obtained with 
a 0.1 to 0.15 M NaCI solution is obtained, and the von Willebrand factor is then adsorbed selectively on the 
gel of a second column, eluding the said non-retained solution of reduced ionic strength with a first elution sol- 
ution which has an ionic strength substantially identical to that of the non-retained solution having reduced ionic 

35 strength; the von Willebrand factor adsorbed on the gel of the second column is then desorbed by means of a 
second elution solution of higher ionic strength than the first elution solution, a purified solution of von Willebrand 
factor of very high purity, largely devoid of antihaemophilic factor Vlllc and of inactivators such as Tween and 
TNBP, as well as of the main plasma contaminants, thereby being obtained. 

According to an advantageous embodiment of the process according to the invention, the ionic strength 

40 of the non-retained solution is reduced by carrying out a diafiltration, preferably preceded by a concentration. 
This diafiltration is advantageously carried out against a third buffer solution, preferably permitting an intraven- 
ous injection. Such a third buffer solution for the diafiltration can have the following composition: 

100 mmol, 
20 mmol, 
10 mmol, 
17 mmol, 
20 mmol. 

This solution is also brought to pH 7, with 12 N concentrated HCI. 

According to a particular feature of th inv ntion, th concentrati nofth diafiltered solution is carried ut 
55 soast btain between 30 and 40 units of v nWill brand factor RCO (ristocetin cofactor). 

According to a preferred variant of embodiment of the process according to th inv ntion, th first luti n 
solution which enables th v n Willebrand factor to be adsorbed selectively on the gel of the second column 
has th following composition: 



- NaCI 

- Tris 

- CaCl 2 .2H 2 0. • . 

- L-arginine. . 

- L- lysine HCI 
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10 



- NaCl 100-150 ramol, 

- Tris 20 mzool. 

This solution is brought to pM 6.6 with 12 N concentrated HO. 

According to another particular feature of the process according to the invention, a solution of the following 
composition: 

- NaCl 350 mmol, 

- Tris 20 mmol. 



is used as a second elution solution which enables the von Willebrand factor to be desorbed from the second 
column. This composition is brought to pH 6.6 with 12 N concentrated HQ. 
15 According to another advantageous feature of the process according to the invention, the purification gel 
which is used in the second ion exchange chromatography column, for selectively adsorbing the von Willebrand 
factor, is a gel having the following essential features: 

- a gel for exchanging anionic type ions, based on crosslinked agarose, especially having a concentration 
of approximately 6%, in bead form. This gel is preferably of the type possessing quaternary amino groups, 
20 in particular at the end of a small spacer arm, for example of the Cj-Ce alkylene type, linked to the agarose 
beads. 

A gel which corresponds to these features and which is commercially available is known under the trade 
name Q Sepharose fast flow® and marketed by the Swedish company Pharmacia, the beads of which have a 
diameter of 45-1 65 um in the wet state. 
25 It should be noted that this gel displays a good affinity with respect to von Willebrand factor, of the order 

of 50 units of von Willebrand factor.Rag per litre of gel. 

According to a particular feature of the process according to the invention, a cryoprecipitate extracted from 
human plasma, which is dissolved, preferably by dissolution in water, advantageously with the addition of hepa- 
rin, is used as a source of von Willebrand factor. The solution thereby obtained is treated with aluminium hyd- 
30 roxide. The proportion of incorporation of aluminium hydroxide is not critical and can vary within wide limits. It 
is preferable, however, to use a proportion greater than 10% by volume relative to the total volume of the starting 
solution. Currently preferred proportions are of the order of 1 5% by volume. 

Advantageously, a centrifugation is also carried out to separate the aluminium hydroxide from the starting 
solution, in order to free the latter from vitamin K-dependent factors. However, according to an advantageous 
35 variant of embodiment of the process according to the invention, the solution initially containing factor VII Ic as 
well as the von Willebrand factor can then be inactivated virally using a buffer solution containing a sol- 
vent/detergent mixture as described in the document EP-A-0,131 ,740 or US-A-4, 540,573. 

The virally inactivated, crude solution thereby obtained is then freed from factor VI lie according to the 
method described in the previous document of the Applicant FR 89/02,1 36, which is incorporated herein by 
40 reference. 

It will simply be noted that, before proceeding to a step of adsorption on a first ion exchange 
chromatography column containing a factor VIII c-binding gel, a diafiltration of the crude solution is carried out 
using a buffer solution identical to that used for elution of the first column used for binding the factor VII I c. 

Selective adsorption of the factor VI He is carried out on this first column, while the von Willebrand factor 
45 is present in the non-retained eluted solution which is then treated according to the process of the present inven- 
tion, which has just been described. 

The factor VI He is then recovered as described in the abovementioned document of the Applicant FR 
89/02,136. 

As regards the preferred step of diafiltration of the non-retained eluted solution containing the von Wflleb- 
50 rand factor, a membrane having a cut-off capability at 1 00,000, for example a Millipore reference 4PTHK type 
membrane of the company Millipore, is used. 

Moreover, for the purpose of preservation of the eluted solution of von Willebrand factor of very high purity 
obtained by the process according to the invention, largely devoid of antihemophilic factor Vlllc and displaying 
a specific activity of more than 50 in terms of von Willebrand factor RCO per mg of protein, a sterilising filtrati n 
55 is carried ut n a sterilising filter having a pore size f diam ter 0.22 um, and this sterilised, purified soluti n 
of v n Will brand factor is then introduced into conv ntional vials. 

In a second aspect, th present inv ntion also provides von Willebrand factor of very high purity, charac- 
terised in that it has been btained by th process described abov . Th inv ntion also covers v n Willebrand 
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factor of very high purity, characterised in that it is largely devoid of factor Vlllc, preferably having a factor Vlllc 
content of less than 2%. Preferably, th specific activity of the von Will brand factor according to the inventi n 
is at least 50 von WDI brand:RCO units/mg of protein. 

According to a third aspect, the present inventi nals covers a pharmaceutical compositi n, characterised 

5 in that it contains von Willebrand factor as obtained by the process according to the invention or as defined 
above. Preferably, this pharmaceutical composition contains von Willebrand factor in lyophilised form, which 
enables an injectable preparation to be prepared at the time of use. 

The invention also covers a process for manufacturing a pharmaceutical composition, characterised in that 
von Willebrand factor largely devoid of factor Vlllc, advantageously having a factor Vlllc content of less than 

10 2%, is used as active principle. Preferably, this von Willebrand factor is in lyophilised form which enables an 
injectable preparation to be prepared at the the of use. 

Lastly, the invention covers a method for the treatment of mammals, including man, suffering from von Wil- 
lebrand's disease, characterised in that a therapeutically active amount of von Willebrand factor largely devoid 
of factor Vlllc, advantageously having a factor Vlllc content of less than 2%, is administered to the said mam- 

15 mats, including man. According to a particular embodiment, the specific activity of the von Willebrand factor is 
at least 50 von Willebrand:RCO units/mg of protein. This von Willebrand factor is, according to a particular vari- 
ant of embodiment, in the form of a preparation for parenteral injection, prepared at the time of use from a lyophil- 
ised form. With the von Willebrand factor obtained according to the present invention, the administration dose 
will customarily be from 30 to 40 units of vW:RCO/kg of body weight/day. 

20 Other objects, features and advantages of the invention will become clearly apparent on reading the exp- 
lanatory description which follows, done with reference to an example of embodiment given simply by way of 
illustration and which can hence in no way limit the scope of the invention. In this example, the percentages 
are given by weight except where otherwise stated. 

25 Example of the invention 

3 kg of cryoprectpitate of human blood plasma, derived from 300 ml of human plasma, are dissolved in 3.2 
times its volume of solution of limulus-negative, osmotically purified water to which heparin was added in the 
proportion of 3 international units per ml of solution, at laboratory temperature and with stirring for 2 h so as to 
30 produce complete dissolution. 

After measurement of the final volume, aluminium hydroxide is added to this solution in the proportion of 
1 5% by volume relative to the total volume of this solution in order to remove vitamin K-dependent factors. The 
mixture is left stirring for 5 min in order to achieve this adsorption of the vitamin K-dependent factors on the 
aluminium hydroxide. 

35 The mixture is centrifuged at 6,000 g in order to separate the aluminium hydroxide from the solution. 

The crude solution containing factor Vlllc as well as the desired von Willebrand factor is treated according 
to the process described in the documents EP-A-0,131,740 or US-A4,540,573 so as to produce a viral inao- 
tJvation. 

A diafiltration of the crude solution containing factor Vlllc as well as von WQIebrand factor is then carried 
40 out against a buffer solution which will then be used for equilibration and efution of the first chromatography 
column used for selectively adsorbing factor Vlllc, having the following composition: 

* NaCl 250 ramol, 

*s * Tris 20 mmol, 

- CaCl 2 .2H 2 0 10 mmol. 

This solution has been brought to pH 6.6 with 12 N concentrated HCI. 

so This diafiltration is carried out with twice the volume of the crude solution containing factor Vlllc as well as 
von Willebrand factor, the solution being inactivated by thereby removing most of the products which were used 
for the viral inactivation. The membrane used for the diafiltration is a Millipore reference 4PTHK membrane hav- 
ing a cut-off capability at 100,000. A crude solution containing factor Vlllc as well as von Willebrand factor is 
thereby obtained, the solution being inactivated, diafBtered and concentrated to 10 1 of total soluti n. 

55 It is checked that this s lutk>n concentrated to 10 1 has substantially the same ionic strength as the luti n 
buffer solution of th first chromatography column used for sel ctiv ly adsorbing factor Vlllc. The 
chromatography column is, for example, a column 25 cm high by 40 cm in diamet r into which 32 1 of the com- 
pany Pharmacia's Q S pharose fast flow® gel are introduced. 

4 



EP0 469 985 A1 



Th gel has been equilibrated with the eluti ns lution before carrying out the injection of the 10 1 of crude 
sduti n containing fact rVillcandv n Wfllebrand fact r.atth rateof 25 l/h for an injection of the !uti n buffer 
soluti n at the same flow rate until a protein peak is no long r bservedinth outflow from the column, by check- 
ing with a spectrophotometer at 280 nm, this peak corresponding mainly to the von Will brand factor, fibrinogen, 
s albumin and y-globulins which it is desired to collect separately for the purpose of recovering the von Willebrand 
factor. 

After elution of the column with the elution buffer solution, the factor VI He has thereby been adsorbed selec- 
tively on this column. Moreover, the non-retained eluted solution contains the von Willebrand factor, fibrinogen, 
albumin and y-globulins as well as the plasma inaebvators, and has a volume of 80 to 100 litres. 
10 The von Willebrand factor is separated selectively by the process according to the invention in the following 
manner. 

In the first place, a diafiltration of the non-retained eluted solution containing the von Willebrand factor is 
carried out against a first buffer solution of the following composition: 



15 



20 



35 



40 



NaCl between 100 and 150 mmol, preferably 

approximately 120 mmol, 
Tris 20 mmol. 



This solution is brought to a pH equal to 6.6 with 12 N concentrated HCI. 

This solution is diafiltered with M ill i pore reference 4PTHK membrane having a cut-off capability at 100,000, 
under conditions producing a simultaneous concentration unto a volume of 10 1 of total solution is obtained. 

It is checked that this solution of von Willebrand factor concentrated to 1 0 1 has substantially the same ionic 
25 strength as the first elution buffer solution of the second chromatography column used for the selective adsorp- 
tion of the von Willebrand factor. 

The selective adsorption of the von Willebrand factor is then carried out on this second chromatography 
column containing the same gel as the first chromatography column used for the selective adsorption of factor 
Vlllc, but which has been equilibrated here to an ionic strength corresponding to that of the von Willebrand sol- 
30 ution, which is between 100 and 150 mmol with respect to NaCl. 

The eluted and unbound portion emerging from this second column essentially contains fibrinogen, fib- 
ronectin, albumin and -^globulins as well as plasma inactivators, which are set on one side. 

Moreover, the von Willebrand factor adsorbed on the column is collected by elution with a second elution 
solution having a higher ionic strength, of the following composition: 



NaCl between 300 and 350 mmol, preferably 

approximately 350 mmol, 
Tris 20 mmol. 



This solution has been brought to pH 6.6 with 12 N concentrated Ha. 

In this second chromatography column, specific for the binding of von Willebrand factor, it suffices to use 
8 1 of Pharmacia Q Sepharose fast flow® gel on account of the much higher affinity of this gel with respect to 
45 von Willebrand factor. 

This eluted solution containing the purified von Wfllebrand factor is now concentrated by diafiltering it 
against a third buffer solution having the following composition: 



- NaCl approximately 100 mmol, 

- Tris • • 20 mmol, 

- CaCl 2 *2H 2 0 10 mmol, 

- L-arginin 17 mmol, 

- L-lysin HCI 20 mmol, 



this solution being brought to a pH equal to 7 with 12 N concentrated HCI. 
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This approach mak s it possible to decrease the proporti n of sodium to 100 mm l/l and to concentrate 
betw n 30 and 40 internati nal units of von Will brand factor RCO per ml of soluti n. The diafiltrati nmnv 
brane which is used in this step is a Millipore reference 4PTHK membran having a cut-off capability at 1 00,000. 

A sterilising filtration of th solution of von Wfllebrand factor is th n carried out on a sterilising membran , 
5 for example that of the company Millipore reference Minidisk having a pore diameter of 0.22 um. 

A sterilised solution of von Willebrand factor of very high purity is thereby obtained, which solution may be 
distributed in vials for storage of the products, in particular for the purpose of lyophilisation which may then be 
carried out in an altogether conventional manner. A von Willebrand factor having a specific activity of at least 
50 von WiIlebrand:RCO units/mg of protein is thereby obtained. 
w This von Willebrand factor thereby constitutes a pharmaceutical composition of very great value, which 
makes it possible to inject a patient suffering from von Willebrand's disease with only the amounts of product 
necessary for treating this disease, thereby constituting a decisive technical advance. 

In effect, by the invention, the yield of the process per litre of plasma is of the order of 350 international 
units of von Willebrand factor RCO and is 600 international units of von Willebrand factor RAg. 
15 A further point to note is that this product displays very great stability over time. In particular, the activity 
of the von Willebrand factor has fallen by less than 5% after 2% hours following the taking up of the lyophilisate. 

Rag means Ristocetin antigen. 



20 Claims 

1. Process for manufacturing von Wfllebrand factor having a very high purity, largely devoid of anti- 
haemophilic factor (FVl He), comprising a step of purification by ion exchange chromatography using a first 
chromatography column containing a gel, comprising a step of adsorption of only the antihaemophSic fac- 

25 tor on the gel of the said first column, which factor will be desorbed later for the purpose of obtaining it in 

purified form, while the von Wfllebrand factor largely devoid of factor VI lie is contained in the non-retained 
fraction and is then treated in order to obtain it in a purified form, characterised in that the non-retained 
fraction containing the von Willebrand factor is treated so as to decrease the tonic strength of the non-re- 
tained solution untO an ionic strength corresponding to that which is obtained with a 0.1 to 0.15 M NaCI 

30 solution is obtained, and the von Willebrand factor is then adsorbed selectively on the gel of a second col- 

umn, eluting the said non-retained solution of reduced ionic strength with a first elution solution which has 
an ionic strength substantially identical to that of the non-retained solution having reduced ionic strength; 
the von Wfllebrand factor adsorbed on the gel of the second column is then desorbed by means of a second 
elution solution of higher ionic strength than the first elution solution, a purified solution of von Willebrand 

35 factor of very high purity, largely devoid of antihaemophilic factor VII Ic and of inactivators such as Tween 

and TNBP, as well as of the main plasma contaminants, thereby being obtained. 



2. Process according to Claim 1, characterised in that the ionic strength of the non-retained solution is 
reduced by carrying out a diafiltration, preferably preceded by a concentration. 

40 

3. Process according to Claim 2, characterised in that the abovementioned diafiltration is carried out against 
a third buffer solution, preferably permitting an intravenous injection. 

4. Process according to Claim 3, characterised in that the third buffer solution for the diafiltration has the fol- 
45 lowing composition: 

- NaCI 100 mmol, 

- Tris 20 mmol, 

- CaCl 2 .2H 2 0 . 10 mmol, 

- L-arginine 17 mmol, 

- L-lysine HC1 20 mmol, 



50 



55 



this solution als being brought to pH 7, with 12 N concentrated Ha. 



5. 



Process according to n of Claims 2 to 4, characterised in that the concentration of th 

6 
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is carried out so as to btain between 30 and 40 units of von Willebrand factor RCO. 

6. Process according to on of Claims 1 to 5, charact rised in that th first elution solution which enables 
th von Will brand factor t be adsorbed selectiv ly n th gel of th second column has th f (lowing 

5 composition: 

- NaCl 100-150 mmol, 

- Trie 20 nnnol, 

this solution being brought to pH 6.6 with 12 N concentrated HCI. 

7. Process according to one of Claims 1 to 6, characterised in that a solution of the following composition: 

« - NaCl 350 mmol, 

- Tris 20 mmol, 

is used as a second elution solution which enables the von Willebrand factor to be desorbed from the sec- 
20 ond column, this composition being brought to pH 6.6 with 12 N concentrated HCI. 

8. Process according to one of Claims 1 to 7, characterised in that the purification gel which is used in the 
second ion exchange chromatography column, for selectively adsorbing the von Willebrand factor, is a 
gel having the following essential features: 

25 - a gel for exchanging anionic type ions, based on crosslinked agarose, especially having a concen- 

tration of approximately 6%, in bead form, this gel preferably being of the type possessing quaternary 
amino groups, in particular at the end of a small spacer arm, for example of the C r Ce alkylene type, 
linked to the agarose beads. 

30 9. Process according to one of Claims 1 to 8, characterised in that a cryoprecipitate extracted from human 
plasma, which is dissolved, preferably by dissolution of the cryoprecipitate in water, advantageously with 
the addition of heparin, is used as a source of von Willebrand factor, the solution then being treated with 
aluminium hydroxide. 



35 10. Process according to Claim 9, characterised in that a centrifugation is carried out to separate the aluminium 
hydroxide from the starting solution, in order to free the latter from vitamin K-dependent factors. 

11. Process according to Claim 9 or 10, characterised in that the solution initially containing factor VI lie as 
well as the von Willebrand factor is inactivated virally using a buffer solution containing a solvent/detergent 

40 mixture. 

12. Process according to one of Claims 1 to 1 1 , characterised in that, before proceeding to a step of adsorption 
on a first ion exchange chromatography column containing a factor VII Ic-bin ding gel, a diafiltration of the 
crude solution is carried out using a buffer solution identical to that used for elution of the first column used 

45 for binding the factor Villa 



13. Process according to one of Claims 2 to 12, characterised in that, for the step of diafiltration of the non- 
retained eluted solution containing the von Willebrand factor, a membrane having a cut-off capability at 
100,000 is used. 

so 

14. Process according to one of Claims 1 to 13, characterised in that a sterilising filtration is carried out on a 
sterilising filter having a pore size of diameter 0.22 urn before the sterilised, purified solution of von Wil- 
lebrand factor is introduced into conventional vials. 

55 15. von Willebrand factor of v ry high purity, characterised in that it is obtain d by the process according to 
any one of Claims 1 1 14. 

16. v n Will brand factor of very high purity, characterised in that it is largely d v id of factor VI lie, preferably 
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having a factor Vlllc content of less than 2%, the specific activity of the von Willebrand factor being at least 
50 von Will brand: RCO units/mg of protein. 

17. Pharmaceutical composition, characterised in that it contains von Will brand factor as btainedbyth pro- 
5 cess according to any one of Claims 1 to 14 or as defined in Claim 15 or 16. 

18. Pharmaceutical composition according to Claim 17, characterised in that the von Willebrand factor is in 
lyophilised form which enables an injectable preparation to be prepared at the time of use. 

w Claims for the following Contracting States : ES, GR 

1. Process for manufacturing von Willebrand factor having a very high purity, largely devoid of anti- 
haemophilic factor (Flllc), comprising a step of purification by ion exchange chromatography using a first 
chromatography column containing a gel, comprising a step of adsorption of only the antihaemophilic fac- 
ts tor on the gel of the said first column, which factor wBI be desorbed later for the purpose of obtaining it in 

purified form, while the von Willebrand factor largely devoid of factor Vlllc is contained in the non-retained 
fraction and is then treated in order to obtain it in a purified form, characterised in that the non-retained 
fraction containing the von Willebrand factor is treated so as to decrease the ionic strength of the non-re- 
tained solution until an ionic strength corresponding to that which is obtained with a 0.1 to 0.15 M NaCI 

20 solution is obtained, and the von Willebrand factor is then adsorbed selectively on the gel of a second col- 

umn, eluting the said non-retained solution of reduced ionic strength with a first elution solution which has 
an ionic strength substantially identical to that of the non-retained solution having reduced ionic strength; 
the von Willebrand factor adsorbed on the gel of the second column is then desorbed by means of a second 
elution solution of higher ionic strength than the first elution solution, a purified solution of von Willebrand 

25 factor of very high purity, largely devoid of antihaemophilic factor Vlllc and of inactivators such as Tween 

and TNBP, as well as of the main plasma contaminants, thereby being obtained. 

2. Process according to Claim 1 , characterised in that the ionic strength of the non-retained solution is 
reduced by carrying out a diafiltration, preferably preceded by a concentration. 

30 

3. Process according to Claim 2, characterised in that the abovementioned diafiltration is carried out against 
a third buffer solution, preferably permitting an intravenous injection. 

4. Process according to Claim 3, characterised in that the third buffer solution for the diafiltration has the tol- 
as lowing composition: 

- NaCI* 

- Tris 

40 - CaCl 2 .2H 2 0. . . 

- L-arginine . • 

- L- lysine HC1 

45 

this solution also being brought to pH 7, with 12 N concentrated HCI. 

5. Process according to one of Claims 2 to 4, characterised in that the concentration of the diafiltered solution 
is carried out so as to obtain between 30 and 40 units of von Willebrand factor.RCO. 

so 

6. Process according to one of Claims 1 to 5, characterised in that the first elution solution which enables 
the von Willebrand factor to be adsorbed selectively on the gel of the second column has the following 
composition: 

100-150 mmol, 
20 mmol, 



100 mmol, 

20 mmol, 

10 mmol, 

17 mmol, 

20 mmol, 



- NaCI 

- Tris 
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this solution being brought to pH 6.6 with 12 N concentrated HCI. 
7. Process according to one of Claims 1 to 6, charact rised in that a solution of th following composition: 

s - NaCl.. 350 mmol, 

- Tris 20 mmol, 

is used as a second elution solution which enables the vom Willebrand factor to be desorbed from the 
10 second column, this composition being brought to pH 6.6 with 12 N concentrated HQ. 

Process according to one of Claims 1 to 7, characterised in that the purification gel which is used in the 
second ion exchange chromatography column, for selectively adsorbing the von Willebrand factor, is a 
gel having the following essential features: 

- a gel for exchanging anionic type ions, based on crosslinked agarose, especially having a concen- 
tration of approximately 6%, in bead form, this gel preferably being of the type possessing quaternary 
amino groups, in particular at the end of a small spacer arm, for example of the C r Ce alkylene type, 
linked to the agarose beads. 

20 9. Process according to one of Claims 1 to 8, characterised in that a cryoprecipitate extracted from human 
plasma, which is dissolved, preferably by dissolution of the cryoprecipitate in water, advantageously with 
the addition of heparin, is used as a source of von Willebrand factor, the solution then being treated with 
aluminium hydroxide. 

25 10. Process according to Claim 9, characterised in that a centrifugation is carried out to separate the aluminium 
hydroxide from the starting solution, in order to free the latter from vitamin K-dependent factors. 

11. Process according to Claims 9 or 10, characterised in that the solution initially containing factor Vlllc as 
well as the von Willebrand factor is inactivated virally using a buffer solution containing a solvent/detergent 

30 mixture. 

12. Process according to one of Claims 1 to 11, characterised in that, before proceeding to a step of adsorption 
on a first ion exchange chromatography column containing a factor VIHc-binding gel, a diafiltration of the 
crude solution is carried out using a buffer solution identical to that used for elution of the first column used 

35 for binding the factor Vlllc. 

13. Process according to one of Claims 2 to 12, characterised in that, for the step of diafiltration of the non- 
retained eluted solution containing the von Willebrand factor, a membrane having a cut-off capability at 
100,000 is used. 

40 

14. Process according to one of Claims 1 to 13, characterised in that a sterilising filtration is carried out on a 
sterilising filter having a pore size of diameter 0.22 urn before the sterilised, purified solution of von Wil- 
lebrand factor is introduced into conventional vials. 

45 15. Process according to any one of claims 1 to 15, wherein the von Willebrand factor is of very high purity, 
and is largely devoid of factor Vlllc, preferably having a factor Vlllc content of less than 2 %, the specific 
activity of the von Willebrand factor being at least 50 von W0lebrand:RCO unrts/mg of protein. 

16. Process of preparation of a pharmaceutical composition, characterised in that it contains von Willebrand 
so factor as obtained by the process according to any one of claims 1 to 15. 

17. The process of claim 16, characterised in that the von WBIebrand factor is prepared in lyophilised form 
which enables an injectable preparation to be prepared at the time of use. 
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